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This Progress Report covers the research baing done under Contract
N7onr-29529, in effect with the Electronics Research Laboratory. The
report also includes descriptions of some of the University-soomsored
research which is actively being pursued at the present time. Following
the wishes of Wright Air Deveiopment Center, the work on traveling-wave
tubes being conducted under Contract AF33(616)-495 is not nmow included,
but will bs covered in interim technical reports from time to time,
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f 1. SCATTERING PSCH¥ A PROLATE SPHIROID

(Contract N7-onur-2395<9)
Prof, L.Jd. Black
Prof. S. Silver*
¥r. J.8. Honda
Summary of Previous Work
This problem is primarily a study of the scattered field frow 2 prclate
spheroid illuminatad by an incident plane wave, The scattered field is very
small compared with the incident signal; therefore a null meLhod has been used
to measure the scattered field, This technique requires a very precise balanc-

ing bridge mechanism, a frequency-stabls signal generatsr, and a high power sowrce. -
A stablized klystron oscillator has been used to drive a two-cavity klystron
power amplifier, which makes several watts avallable at 9375 megacycles.

A magic tee, and a directional coupler with large coupling and high direc-
tivity, have holh been used as the balanced microwave bridge. However, in both
methods, the received back-scattered signal has variations as a function of dis-
tance vhich have been ascribed tc multiple scattering.

Current Work

During the period of this reporc¢, a mechanicslly precise magic tee was con-
structed. Tuis magic tee was milled out .of solid brass to & dimensional accuracy
of + 0,001 inch. An additional fsature of this tee is that a movabic post with
micrometer-controlled variable peneiration is situated in the junction of the tse,

l e so that the signal input arm and the detector output arm are decoupled by 75 db.

An anslysis indicated that the scattered signal must be 20 db above the null load
and that a separation of approximately 80 db must exist between the input and de-
tector arm in order to measure the =cattered fleld to an accuracy + 1 du.

When a sphere, the calibrating object, is pulled directly away from the trans-
mitting and receiving horn, the received back-ucattered signal varies from a max-
imz value to a minimum value in approximately quarter-wavelangtn intervals, To
investigate the effects of miltinle scattering that exlist between ths horn and the
scattsrer, a horn with an aperture area approximately the size of the sphere was
used as the scatterer. Again, the received back-acattered signal varied similarly
to that of the detected signal for the sphers., However, the signsl recsived by tie

#* Prof. S. Silver is on sabbatical leave, tut is in contact with all the work
under his direction,




ertially ss the distance to the scattering horn is increased. This indicates
that the large variation of the detected signal is not dus to the multiple
scattering which exists between the horn and the scatterer.

An attempt is being mads Lo rsducs any standing waver on the ground plane,

7.5. Henda

2., BEAM SHAPING ANTENNAS
{Contract N7-onr-29529)

Prof, S. Silver#
Prof. J.R. Whinnery
Mr. R. Plonsey

s

Sumnary of Previous Wor

This study is an investigation of the diffraction phenomena of cylindricel
reflectors, The object is to develon an analysis which will improve upon the
geometrical optices solution, and bs suitable for design problems.

The problem has beer seperated essentially into two parts;the first part
has been the determinativiz of the currents induced on a reflector by a primary
source which would be an improvemernit over that calculated by means of geometrical
optics. The second 1is the determination:' of the far fields from the aforemen-
tioned reflector currents in a fairly direct manner but one which, perhaps, will
be an improvement over the stationary phagse method. To date, the first part has

been emphasized.

In this connection, asymptotic expansions of the Kline-Luneberg type were
examined to se@e if they wculd provide a correction to the geometrical optics
currents, Success with this technique seemed unlike'l.y Additional probing of
the literatur‘l ) into the use of integral equations » the variational principle,
and B.‘i.\:xle‘t’.'J:2 ) use of asymptotic series, has failed to reveal, so far, any way
of obtaining these corrections,

In the =arly stages of this study, experimentsal work was made cn an open
waveguide tetween parallel plates and subnequently ocn the field of a pillbox
£ad .by an open guide at the center of the aperiure plane. The most significant

#* See page 1
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resuit was thet the near zone field of the pillbox was cdstermined primarily by
the diffraction effects of the feed blocking, ard YWy the aperturs edge,

Current Work

Another lock was given the asymptotic expansions. There was no doubt that
the Xline-Luneberg expansion would not handl. diffraction problems near (or in)
the shadow regions, since no information is contained in the geometrical optics
formulation cf the shadow region. However, if we restrict attention to infinits
bodies with illumination such as to produce no shadows then the question arises
vhether, unde= such favorable conditions, the series may give valid results. The
affirmative position is taken in a report by Dr. C. Schensted.c) However,in the
illustrative example (a paraboloid of revolution iliuminated by a plans wave
propagating parallel to the axis of the paraboloid) geometrical optics gives an
exact solution, so that the question as to whether a diffraction problem can be
handled is not resolved. (Reference is made to the report of G. Jeromson, in this
Progress. Report,. for additional commsnts).

The fact that the paraboloid of revolution possessus an exact sclution which
is that of geometrical optics, raised thz question as to wheiher other shapes may
also possess this property. A consideration of the necessary and sufficient condi
tions for geometrical optics to be an exact solution of Maxwell's equations while
satisfying the boundary conditions at a semi-infinite body was carried out Jointly
with G. Jeromson, and reference is made to his repori.

The work of Houllixg‘)shows that for strips of width greater than 1/2 , the
geometrical optics value for thz currents can be used satisfactorily everywhere
sxcept very near the edges., (The geometrical optics value is exceeded only in
the last 1/252). At the edges it turns out that the current distribution is
practically identical with that of an infinite half-plane. Thus he was able to
set up the problam by taking geometrical optics currenits everywhere, but adding
Sommerfeld currents ab ihs sdges. (And since they ars localized in such very
narrow sirips they can be taken to be equivalent line currents). This suggests
tuat the first part our problem might be met in practice, for a general cylindric
shape, by using geometrical optics currents plus the Sommerfeld current at the
edges. (In our case, of course, we must take account of the angle of incidence
to the edges). Such a suggestion was made tc this writer in correspondence from
Prof. M, Kline.cf New York University.

Effort has been directed toward placing this suggestion on a semi-quantitat:
basis, Fock'!s intsgral equation is being examined to see i7 it verifies the use
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of geometrical optics currents for radii of curvature large compared with wave-
length, and for distances from edges of a wavelength 'or so,Moullin's results
would seam edaquate to justify uss of Sommerfeld currents at the edge of a general
cylinder.

If the previous anaiysis is ccrrect, then it must be that the really signifi-
cant features of diffraction must come out of the calculation of the field from
those currents, i.e., part two, To dats, far fields as obtained in a simple -qg
by meane of stationary phase evaluations of the integral ovez:all the aourcozs.(5
However this ignores the effect of the edges, and the overall result is equivaleant
tc that obtained by means of secmetrical op".'.ics,,(é) It i3 hoped that a technique
involving neutralizer functions (developed by Prof. J.G. Van Der Corput, mow at
the University c¢f California at Berkeley) may be used, which will provide a connec-
tion to the geomatrical optics by including consideratrion of the edges. That is
the definite integral for the far field can be set asymptotically equal to the
asymptotic residues of the critical points which include the stationary phase
poirt plus the points at the ends (edges). This matter will be carefilly studied
in the coming quarter.

As an alternate approach, the variational method may be used to get the far
fields, with the Sommerfeld edge effect added to the geometrical optics curraat
as a trial function.

Finally, it is intended to compare these results with those obtained by
nunerical integration and with experimental measurements. Construction of ex-
perimental equipment will be delayed until further develorments show exactly what
features are most desirable for experimental study,

l, Electronics Research Laboratory, University of Califormisa; Progress Report
No. 3, Jan. 15, 1954. .

2. Riblet, H.J., The Asymptotic Solution of a Diffraction Problem, (Unpublished

Paper).
3. Schensted, C., Electromagnetic Transport Equation and the Luneberg-Kline
Method of Solution, Memo 15 - 25 -~ 2 50%) - 3, University of Michigan,

4, Moullin and Phillips, "On the Curreant Induced in a Ccnducting Ribbon by the

Incidence of a Plane Electromagnetic Wave", st of Blectrical Engineer-
-‘;Eé: Part IV, Vol. 99, pp. 137-150, (J‘ﬂ\y 1952, . :
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5. They have also been calculated by numerical integration involving gwometrical
cptics currents,a amethod which has given gori resulte thereby emphasizing the
importance of part II. (Note Sect. 13.7: Microwavs Antenna Theory and Desig,
S. Silver, McGraw~Hill, 1949).

6. The connection between stationary phase and geometrical optics is shown in
enaral in Section 4.7: Microwave Antenna Theory and Design, 8. Silver,
{¥cGraw-Hiii, 1949).

For cylindrical reflectors the relationship is specifically shown in the report
of A.S. Dunbar, Sianford Research Institute, Report No. 21, (May 1951).

R. Plonsey

3. DIFFRACTION THEORY
(Contract N7-onr-29529)
Prof. 8. Silver*
Proz. J.R. Whinnery
Mr. G, Jeromson
Summary of Previous Work
This study is concerned with a theoretical investigation of electromagnetic
diffraction problems. The iniuial phose of the project cnsisted primarily of a
study of asymptotic soiutions, principally that of M, Kline.l) It was conclud-
ed earlier that while the series of Kline can be succeesfully applied to several
el ectromagnetis problems, it is as yet unadaptable to situations involving dif-
fraction, such as might occur through an aperture in a conducting plane, or even
by a boundsd conducting obstacle. Another method that was apprmed(z) congisted
of assuming an “asymptotic-like" series for the electric and magnetic field ex-
pressions, and attempting to make these expressions into solutions by properly

choosing coefficients, The expansion was in inverse powers of frequency, s¢

. that the leading coefficient represented a gecmetrical optics solution. The

other coefficients were Jdetermined from derived recursion relations, based on
the first term. Thus\, in the case cf an obstacle of finite extent, where there
is a shadow zone, the geometrical optics solution vanishes identically, and the
method will generate no "correction® terms.

cmm' _!g_r_k_ (o\

Recent wark by Schensted'”’ indicates that, at least in some electromsgnetic
problems, the assumed-series method gives results. As was pointed out in this

* See page 1




work, vaiid results can ¢only be expected when there exists no shadow zone
(1.e., obstacles must be infinite in extent, in addition uo =atisfying certain
obvious surface regularity conditions)., The cited poper shows that for axial
incidence of 2 plane wave on the exterior of a paraboloid of revolution, all
foorrectim" terms vanish, and the ray optics soluticon is, indeed, an exact -

solution to the problem. Uniqueiisss, however, has not been demonstrated, for
the usuel tests involve sources contained in bounded regions.

This result raises the question: In what, othsr protlems can geometrical

optics be an exact solution to Maxwell's squations, and alsc satisfy the neces-

‘'sary boundary conditions? This was investigated, and the following result ob-

tained:
Theorem,

Let B edlxy,s) oALEYE) '1'{' - Blx,y,2)e "L (%75 %)

tricel opllce fislds. (By thie is mean ! I -1,
* VL =0, and {/ LxG k3 2)
Then E and H constitute an exact solution if and only if
Vuti =0era Vaf «o0.

This theorem can also be refornlated slightly differently, inwvolving
only statements about either@ or '5 » with a conservation of emergy condi-
tion substituted for the omitted one.

From this theorem, we can conclude that for such a situation to exist,
there must exist a function B(x,y.s) ~ such that

w(x,7,8) =VhH{x,y,2)
where ‘
v 24(x,y,8) = 0
Hence, the protlem is reduced to finding a harmonic function B{x,y,s)
satisfying, on the boundary of the conducting obstacle, the condition
ix(Jh(x,v,2) + EPC) w0
and aleo permitting fMAlfillment of the energy condition raferred to above,
¥Ws are attempting to determine which geometries can exhibit such a furc -
tion 6.

Furthar theorstical investigations of the above material will bes carried
out in the futuwre. In particular, the integral equations of diffraction theory
will be re-sxamined with a view tewards using them to obrain asymptotic solu-

-6 -
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tions of aperture problems.

\

1, Kiine, M,; An %ﬁoﬁ;c‘ Solution of Maxwell's Equations, N.Y.,U, Mathmatics
NXetearch Group, 2. 2

2, Riblet, H.J., The mﬂ ¢ Solution of a Diffracticn Problem, {Mapublish-
od Paper).

3. Schenstod, C., Electromagnetic Transport Zquation and The Lunebers-Klire
Method of Solution, Univerasity of Michigam, Willcw Bwm Research Center,

lngineering Research Institute Memorandum, 15-25-(50i)=3.

G. Jeromson

Le MNON-HESONANT CIRCULAR SLOTS IN
VARIOUS GROUND PLANE SHAPES

(Contract N7-onr-29529)
Prot., i.7, fiack

Mo, CK. Tajima

Susmary of Research
This s'l;udy is concemed principally with the bashavior of the admittancs

characteristics of large-surface antemnas of circular :ymmetry having a: ciy-
cular slot, Several theoretipal methods of approach have beesn uvilized and
illustrated by sxamples, and the resulis compared with experiment. The em-
phasis lies in the determination of the susceptive component of the admittance,

A spherical antenns fed by & narrow slot at the equator vas first investi-
gated, The quasi-thsoretical admiitance was obtained by utilizing a chatic
capacitly msasursmant in conjunction with a mode expansion solution,

The secori configursation investigstad was the biconical horn of larye
cone-apex angle, The Schwinger variational method was applied to obtain the
thesretical result. The solution for the admittance appeared in two parts;
one part oorreaxéonding to a spherical antenna, sud a second part constituting a
sorrestion term for the removal of the spherical surface, Since ths spherical
antenna admittance had already been evaluated, the additional computation in-
volved only the determination of the carrecstion term,

Another antenna studied was the circular disk, The theoretizal result
was obtainsd by a perturbation of the resuits for the biconical horn, Experi-
mental results have also been obtained. A secondary problem arising out of

-?—
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this antemna s the analysiz of the junction between a coaxial line and a radial
iing. A1 equivalent circuit repraseatation was developsd end tho circuit pare-
metars determined from measurements,
Experimental measurements have been made on these three forms of antemnas,
¥ utilizing a Chipman line in several different ways. A frequency range of 300
to 1500 mc was coverad, using antennas about 17 em in diameter,
' Most of the computations have bheen ccmpleted and the agreement between theory
and experiment is good within the rangs of validity of the thecry. The prepara-
tion of the report on this problem is under way and should be completed voon.

G.K. Tajima

5. INTERRAL COUPrLING BETWEEN WIDE
LONGITUDINAL .OTS
{Contract N7-onr-29529)
Prof. J.R. ¥hinnery
Dr. G. Held
Mr, H. Ungz
..... Sumary cf Previous Work
This study is concerned with the inside “atarsction between twe wide slots
in the surface of a standard T!‘lo mode waveguide, It wes decided to take the

case of wide resonant slots {length %‘- ; width f ) in one side of the hroad
* face of the waveguide. Various methods of neasuring the interaction hetween the

slots as well as their «gquivalsut .lrcuit representation have been considered.

Current Work

The method which was =dopted in crder to measurs the interaction beiween the
wide slots, was es follows:

A set of waveguide sections of the same "electrical length® (!-szm.g,n-e or 3)
with two identical, wide slots in each waveguide section were used, the space
x tatween the centers of the slots being the parameter. By comparing them through
a "magic T" biidge, a certain attenuation and phase shift were found for each.
Plotting this attention and phase shift as a furction of the spacing x, between
the slots, cyclic curves with the period of Mg were obtained. Each maximm at-
tenuation is.commsctad with a minimum of phase shift (xsnAg) , acd vice versa

*
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[x =(ned) bW ] . the rangs x 5_‘-? (approximately), we can zs
certajin noncontinuity in the cyclic charactsristics of the curve,

Theoretical considerations of the equivalent circuits of the above wave-
guides (T sections for ths slots and transmission lines for the waveguide) have
shomn the cyclie period to be Ag, but the amplitudes found by experiment were not
verified theoretically.

By extrapolation of the cyclic curve to the range X £ ;‘(appromately), we
¢can see the smount and the range at whi<h non~propagating highsr modes cause inter-
action Sotween the slots., This interaction curve has about the same shape and the
same order cf range as the one obtained by Frankl in casidering higher mode in-
teraction betwean slits in waveguldes,

Measurements of the difference of power radiating fram the slots in each
waveguide have been started., Although no definite results have besn obtained,

i) appears that there is a cyclic curve of the.difference power radiated from .
two slots in each waveguide vs. the slot spacing x. We get a minimm difference
in the radiating power when x-oj—?-, which may be expected due to equivalent cir-
cuit considerations.

It is intended, in the coming psriod, to modify the bridge network as well
as the accuracy of the instrument measuring the power radiated from the slots,
Also equivalent circuits will be considersd and it is hopsd to find a definte
correlation between ther and the measurec resalis,

H, Ung

6. BROADBAND SIOT ARRAYS
(Contract N7-onr—29529)
Prof. D.J. Angelakos
Dr. G, Held
Summary of Previous Work
Work has begun on the design and analysis of a broad band slot radiator
array. As was pointed out in the former rsport, preliminary investigations
have suggested two basic problems:
a) The input impadance of slots of arbitrar; length
b) Interaction betwsen adjacent slotis

1. Montgomery, Dicke, Purcell, J., Principles of Microwave Circuits, (radiation
Laboratory, Series No. 8, p. 173).

-9 -
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Surrent Work

Investigations of both of thess problaws have started. In investigating
the input impedance of slots of arbitarary length, we have decided to treat the
miltinode guide from the very beginning. This would solve the problem for the
single mode and multimode gﬁide, and at the same time allow more freedcm in the
frequency band in the guide.

The method developed formeriy for rasonsnt slois has been extended. AL the
present time an sxpression for the input impedance of a slot of arbitrary leangth
hae been obtaned, and . .& computer is working on the plotting of this function,
Experimental investigations have been carried out to compare with the theorstical
curve vhen it is plotted.

During this work it became evident that we ecouvld compute the scattering of
a zlot of arbitrary lsngth in a multimcde guide. Such a task has been undertsken.
A paper subaitted to the U.R.S.I. meeting in Washington, D.C., has been accepted

for presentaiion,

In the csaming period the investigation alvug these lines will be catinued,

G. Held

7. BROADBAND TRANSMISSION IN WAVECUIDES
(Contrazt N7-onr-29529)
Prof. D.J. Angelakos
Mr. K. Malinovsky

Current Work

A study is being made of loading a rectangular waveguide with dielectrie
material in such a way as to lower ihe guide's cutoff frequency and/or
obtain a more uniform field distribution in its cross section.

It was sstablizhed that for no variaticn of dielectric in the y-direction,
'l.'Eno modes may exist separately in the structure. Thus, traascendentsl equations
have been set up to give the cutoff and propagaticn characteristics for the TElo
and T8, modes in the guide shown below {Fig. 1.). Solutions of the equatiors
are now being worked out for all possible cambinations of the dimensions ) s hy
and d, and for the ratio of dielectric constants, .g'_

kN
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If, instead of the slabs of Fig. l., we havs & continuously varying di-
electric (Fig. 2.) in the cross section of the guide, the problem becames a
toundary value probvlem for the eigenvalues of frequencies and eigenfunctions
of field cistributions in the guide. There exist mathods by which the lowest
approximate eigenvalues are quite readily obtained, but far finer reiinement
the series solution melhrd is employed. Calculations are now being carried out
along this line for linear, quadratic and cubic veriation of diselectiric across
the guilds.

In the latoratory, apparatus is now being sat up to measure the propagation
constants and f[ield distributions in these guides, in order to obtain experimental
veriiicatior fer the nalcelated resulis,

K. Malinovsky

8. MULTI-MODE DIRECTIONAY. OCUPLERS
(Contract N7-onr-29526}
Prof. D.J. Angelakos
Mr, H.A, Judy
Surmary of Previcus Work
This is 2 study of waveguide directicnal couplers using rectangular wave-
guide propagating TE,LO and T’Ezo modes simultaneously. The primary objective is
to develop and study directional coupling schemes which will be mode selective,
in order that differert modes in t'» same waveguide system mey be handled and
studied ssparstely. 7The fregquency band around 9375 mc is being used. The two
modes are propagated in waveguide with Q.4" x 1,6" inside dimensions and coupled
to the standard O.4% x C.9" waveguide where the TETLO mode 13 excited.
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Apertures in the broad face of the waveguide which ere relctively small with
respect to a wavalengich may be considered as coupling to both the electric and
magnetic fields in the waveguide. The most convenient way to oktain mode -selec-
tica 15 to use rarrow slotsi, which minimigze electric coupling, Each slct may
then be made intrinsically mode selective by proper orientation s0 that no msg-
netic field of the undesirod mode is parallel and adjacent to the slot,

Current Work

At present three designs ars being studied experimentally and thsoretically.
For coupling to the TEzo mode, two longitudinal slota spaced a guarter of a gulde
wavelength longitudinally and centered on the wide main wavegulde are used. These
excite the TEJ,O mode at the edge of the auxiliary waveguide, which is standard
X = bzad waveguide parallel to the main waveguide. The best design to ccuple to
the TElO mode, from the standpoint of mode selection, utilizes two transverse
slots which are spaced a quarter of a.wavelength and centered on ths main wave-
guide. Thess sstcits the G mods abt the center of the auxdliary waveguide, The
other design for coupliing to the I'Elo mode is similar L0 ihe "crossguids® typs
directional coupler, with longitudinal slots at positions where the TEZO longi-
tudinal magnetic field is zero,

The limitation of mode selectivity is due to two separate factors., The first
is the amount of desired magnetic coupling relative to the undesired electric
coupling. %he second is the amount of magnetic coupliii¢ to the dssired mods 1;0-
lative to that of ths undesired mode. It is 2 simple mu.tc: to decrease the o-
lzctrie coupling of ivine undesired mode. A centersd ssries tjpe slot is at a nuli
of both the electric field and the transverse magnetic field of the '1'320 mode and
at the maximum ¢f the transvsrsas magnetic field of the TElo mode, When a slot
camnot be placed at a position of zero electric fiald of the undesired mode, the
coupling ~f this field may be made negligible through the following. A slot
coupiez more tc a parallel magnetic field than an electric field and the
attenaaticn through the slot due the finite thickness of the waveguide wall is
much greater in the case of the electric coupling. A slot with a leagth .420%,
width ,060", and thickness .030" couples about 40db more clesely to the
mesmetic field and this can be easily increased by either making the slot
narrower oy tnicker., The practical limitation of modo selectivity is the
rejection of the magnetic coupling of the undesired mode., Since the
traneverse variations of the magnetic flelds are sinusoidal, the slot need
not be far from the null of the undesired field to couple eppreciably. In
the case of the centerad lorngitudinal slot, which should not couple to the
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’i‘Elo mode (like the slot for a sliding probe), if the slot is off center 0.002%,
the coupling is ouly 23 db belaw that winich it would be if the siot were at the

4 edge of tue waveguide. The mode selection is greater than this by about 8 db
becanse the longitudinal magnstic field is stronger in tLue TE20 mode due to
* the proximity to cutoff. It can be seen fram the foregcing discussion that

mode selsciion can be as good as machining tolerances permit. The experimental
model of this design has a wmode selectivity of 35 db,

A relatively simple sliding load t echnique has been developed. It is ex-
pected that the experimental ewvzlvation of the couplers under consideration and
the correlation wvith theory will be compisted during the next quarter,

H.A. Judy

9. PROPERTIFES OF FERRITES 1IN
BROADBAND MICROWAVE SYSTEMS
(Contract N7-onr-29529)
Prof, D.J. Angelakos
Mr, D. Stinson
Summary of Frevious Worik
This study concerns the experimental evaluation of the components of the
j permeability tensor for various ferrcmagnetic materials with a view toward apply-

ing this knowledge to the development ¢ broadband systems. The effect upon
theac naterials of the variation of such parameters as the intensity of the
magnetostatic field and the shape and the size of the ferromagnstic sample will
be noted., An evaluation of techniques nost probable of yielding significant re-
sults has been made., Three schemes wera considered, and a technique for measur-

ing the components of the permeability temsor utilizing a small coupling siot in
two 'l'Elo guides is considered the most feasilles.

Current Work

A microwave coupler consisting of two TElo guides and a narrow rectangular
slot has been tuiit, The narrow siot is located longitudinally is the mzin
guide and transversely in the single endesd auxiliary guide. In both cases the
slots are centered in the bread faces of the guldes. It is intended that small
samples of various ferrites will be inserted in the aporture of the slot. Due
to the location of the slot in the main guide, nc wnergy should coupls to the
auxiliary guide unless a magnetostatic f£ield is applied normal to the plans of
the slot,

-13 -

e - = - —_— e e, c—

- SRS Uy



A magnet for obtaining th*s mag:stostatic fiald is nearing completion, The
magnet has been designed to obtain a magnetostatic field in the air gap of 10,000
oarsteds for & 2 om gap. This should be surfficient to cover all phencmens of in-
terest in ferrites at X bend and shculd also be sufficient to cover the most perti-
nent phenomena up %o K band frequencies,

It is axpected that experimental verification of this slot technique for
measuring the tensor permeability of ferrites will occur shortly. If the method

is found feasible, other schemes employing slot coupling will be investigated.
D. Stinson
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10, SYNTHESIS OF BROADE.ND MATCHING NETWORKS
(University Sponsored Rezearch)
Frof. G.L. Matthaei

Work is continuing on extending Fano's method for synthesis of loss-
less broadbani matching networks.l "The objectives of the present phase of
the work areé:

i. To obtain a compuiationally easy method for determining the optiiwm
design parameters for the cases where Fano's methaod reouires the use ol
all-pass sections with coupled ccils in the circuit in order to oblain tiis
necexsary degrees c¢f freednin.

2. To search for a methoed for finding circult €.emomt values, which
will be general in its application; yet as computationally simpls as possi-
ble.

3. To show how this method can be applied to more varied typas of
band-pass matching probtlems,

A computationally simple metiiod has bssn found for carrying our the first
objective for cases such as the low-pass matching problem presented in Appendix
IIL cf Fano's paper. The parameters chosen by Fano for this design were found
to be not quite the optimum ones tut close to optimm. By use ¢ changes in
variables which eliminate all hyperbolic functions; and also by use of some
plotted curves, the optimum values of the dssign parameters for such czisus
can Lo computed without &ifficulty. Work will be dons in the future Lo ade:t
th?: computational procedure fcr use in band-pass designs, also,

Progress has been made t oward achleving the sscond objective., This work
has been based on a generalized Cauer continued-fraction msthod of design such
as was described in the report Some Techniques for Network t..thesia_.?' Techniques
have been orgtaized for making continued-fraction expansions for obtaining the
element values for the simple ladder parts of the netwerk as well as for the
more complicated parts which arise when an extra all-pass structure is iatroduced,
This continued-fraction method ie based mainly on repetition of long division,
mgd soma degeneration of accuracy results as one gets towards the end of the

1, Fano, R.M., "Theoretical Limitations on the Broadband Mstching oi Arbitrary
Imggdances" » Journal of the Frapklin Institute, Vel. 249, Jan. and Feb.,
19

2, Matthaei, G.L., Some Techniques for Network Synthesis, Electronics Research
Laboratory; (Institute cf Engineering Rasearch, Series 60, Issue 10%);

University of California, 19535.
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expansion. To reduce %.ls to a minimum, first a detailed siudy was made of
the general relaticns tstween the input impedsnces ‘at opposite ends of the
resistively terminated 1etwork, Then from this kndwledge it wes possibls
to lmprove the accuracy of the circult element values obinined by making

a continued fraction e:pansion of the “.pedance for one end sad cariying
thls cut until the elemoanta from this end to the middle of the network ars
determined; and then &!arting Zvcw the impedance at the other end, the ele-
meats from that end to.the miidle syw determined,

Work will soon be;in om vhe third objective. In particular, meinode will
he studied for designiig band-pras matiching networka for load equivalent net-
works such as that tre:ted by Fano {for the low-pass case only) in Appendix
IIT of his paper, 3s vall 2s other bhand-passe networke for the more commonly
treated RLC series of ishunt resonsat-load equivalent circuits,

persts

G.L. Matthaei
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%L, CHARGE EXCHANGT ACCHLIRATOR
‘University Sponsorsd Research)
Prof. J.R. Woodyard

Prof. D.H. Sloan
Mr, T.4, Koski
¥r. P.D. Compton¥® .

Inig is the ceco:ud progresz report on this project to appear hers. The first
repcrt (Series 60, Iszue No. 3, Jan. 15, 1954 gave a bric? stztsment of previous
work in which mery things were included for caﬁ;;i;;éness but were only briefly
menticned in order to avoid undue length, This report will givs more details
ineluding progress oi current work,

Since the last guarterly report peiriod the princlpal effort has besn.put .
into preparing tha ons m.e.v. accelator for testing with a beam, Because the
arrangenant of this uicelsrelor is somewhat uausval, a diagram is shown in
schemavic torm in Fig. 1. It will be noted that both ion source and targst
are &t ground potential, as well as all awdlisry apparatus such as diffusion
pump, hydrogen generator, anc. magnet power supply. Since the ion scurce differs
from the usual type and has some advantages, its principle of operation will be
described briefly. It may be characterized as a low-pressure cold-cathode dis-
charge in parallel electric and magnetic fields, This type of gas eonductioh
is also used in the cald~cathode high-voltage rectifier wsptioned in the first
report. As shown in Fig. 1., a hollow cylirdrical anode is placed between two
cathodes in an axial. magnetic field. Any electron in the central region is
trapped by the magnetic field in an electrostatic potential valley and oscillates
back and forth many times until it makes a collision with a gas molecnle, which
resalbs in a positive ion. The ion is immediately accelerated to one of the
eathodes which it strikes. producing secondary electrons by collision. These
secondary electrons are then trapped by the magnetic field as before, and the
process rapeats, “hus the action is cumulative and the current bullds up to
a steady value limited by the impedance of the power supply.

Thie ion source has run for long periods of time with littls attention and
is very stable and reprcducible., The adjustments and dimensions are very un-
criticel, A few Imndred volts and a few hundred gauss are typicsl. In .fact,

LA A SOOI b b ‘e I L KL
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the only special precaution reguired is Lo mske the cathodes out of a good
secondary-electrcn-emitting material., Ordinary soft 2luminum ias ideal. Thas

natural film of oxdde is a good secondary emitter and is very durable. The
principal advantage over other types of ion sources is the low gas pressure

at which it operates, roughly ten to one-hundred times lowor. This reduces ths
gas lcakags into the high-voltage parts of the system and allows larger beam
currents,

Protons are extracted from the ion source thrcugh a small hole in one of
the cathodes as shown in Fig. 1. The voltage E’.k is adjustable to control the
ion current. The voltuage F2 15 used 28 a foonsming adjustment and is normally
less than El The energy with which the protons strikes the capture foil is
determined by E3 which should be about 30kv. The negative ions emerging from
ths capture foil are accelerated by the 500 kv. potential, reconverted to protons
at the stripping foil, and accelersted again by the same potential, arriving at
the targel with 1 m.s.v. kinstic ensrgy as explalned in the first report.

The construction, wszembly, and testing of the 500 kv, powser supply hae been
completed, It consists ot a l6-stage cascade rectifier using 16 type 5825 tubes
winich have a peak inverse rating of 60 kv, The circuit is the one first published
by Gre:macher(l) in 1921 and used by Cockroft and Walton in 1930. The rectifisr
is one foot by two feet, and is [cur feet high; il is insulated with lucite
throughcut. Each pair of tubes with associated squipment is assembled in one
section fabricated of lucite. These ssections are them siacked up to give what-
ever voltage is desired. The insulation is air since it is more conveniat than
oil in this voltage range unless there are unusual space restricticans. The sec-
tionalized unit construction is used because of its sase of servicing. Perhaps
the most unusual feature of this rectifier is the use of r-f filament heating
with ferrite-cors transformers for high-vcltage d-¢ isclation. More details of

the [ilament-heating system will be given later.

J.R. Woodyard

l. Greinacher, H., Zeitschrift Fur Physjl:. Vol. 4, pp. 195-205. Jan. - Mar, 1921,
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12, MAGNETIC RECORDING OF BINAXY INFOEMATION

University Sponsored Rssearch
Prof. Albert S. Hoagland

The following summary indicates an arse of research which has been re~-
cently coupleted, Present work is dirscted toward an evaluation of decoding
techriques in reading and the use of magnetic switches for a magnetic drum
REMOYy.

The study is piimerily concerned with the development of a useful mathe-
matical description-of the process of magnetic recording of binary information.
More exnlicitly, those relations are develcpad which describe the transfer, by
w5 of & sultable transducer, of binary information in the form of a current-
time functioci; to = surface spatial magnetizaticr state and the reverse transfer
to a voltage variation in time. The enalytical work is supplemented by corre-
lated experiments on a digital corputer magnstic drum memory.

The gomorel ~~*uvres of a binary magnetic neaory system are covered, .

The analysis is limited to the longitudinal type of :magnstic remrding, and

. macroscopic point cf view is talken of magnetism, Ths physical gusstions
which arise have a natural ssparation into iwo categories, time-dependent and
geometrical, The former class is treatez using linear theory. In the associ~
ated experimental work sn anamaly was discovered in the behavior of one magnetic-
heed material. This results in an interesting phenomenon, referred to as the
Spike Effect. The system geometry is introduced into the analysis in the form
of an idealized modsl. By this means a significant quantlity in binary magnetic
storage, "writing definition", 1s simply related to the geometrical parameters
.and the B-H surface characteristic. BReading is similarly analyzed to obtain
the functional form of the geometrical dependency of the output voltage upon
the recorded magnetic surface astate.

The over-all storage process is then gualitatively considered, reading being
viewed from 2 low-pase filter transmission concept based upon ths brevieus de-
velopment. The handwidth snd galn of this wavalength filter are expiicitly ex-
pressed in terms of the geometrical parameters, and the resolution on reading
appears as less precise than the corresponding definition in writing. Drum modu-
lation is shown i.c he dependent only upon tlie absoluts varlaticn in ths ssparsa~

tion di.stance,

A.S,. Hoagland
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13, ADMINISTRATION

In connection with work under Contract Number N7-onr-29529
Cnér, G. Hunter, It. C.B. Sharpe and Mr. M.C., Long, all from
Office of Naval Research, Washington, D.C. visited this Labori-
tory. Dr. G.F.N. Mulders and Mr. A.J. Morris, San Francisco
Office of Naval Research, slso visited here,
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1};.1 REPCRTS ISSUED:

1),. REPCRTS

Under Contract Number N7-onr-29529

RN, Bickmore,

G.L. Matthaei,

Part I - Flush-Mounted Qoni-Directional
Ammular-3Tot Antennas

Part I1 - Matching Networks for anmular
Slot Antennas

Series No, 60, Issue Mo, 107

Flush-Mounted Cardioid-Pattern Antennas
Series No, 60, Issme No. 108

Sen:l-ff'luah-‘{o:mj,_e_g__j_‘ardioid-mttem Antennas
Series No, 60, Issve Ne, 109

14.2 REPORTS UNDER PREPARATIONG

Under Contraci Nuzber N7=-onr-295p9

v

R.W. Bickmore,
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2 it 2y
ae

Jeds Epis,

A M, Serang,

Radiation Pattern=s Synthesis with Annular
Aperturss

Corner Reflector Standard Gain Antemnnas for
B0 To 1600 Iﬁgggzc!:es

An Analyeis of a Side-utlet Tee for Impedance
Measuremnents

Under University Spousorship

L.¥, Silva,

Non-Linear Optimizatior of Rslay Servc-
¥schanisns
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